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disease and the explosion of seaweed 
are more nuanced than I suggested in 
my 1994 paper.Bob Steneck
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coral reefs in the Caribbean and 
Indopacific oceans and kelp forests of 
the North Atlantic and North Pacific 
Oceans. He has published over 150 
scientific papers on topics including 
lobsters, sea urchins, fish, corals, 
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global climate change and the science 
of managing marine resources. 
His interests include how complex 
biological and social systems interact 
and what drives their resilience. 
Currently, he researches how fishing 
affects alternative stable states and 
the impacts of ocean acidification 
on subarctic and tropical marine 
ecosystems. He was awarded a Fellow 
of the American Association for the 
Advancement of Science, a Pew 
Fellow in Marine Conservation and 
distinguished for his research by the 
Second International Lobster Congress. 
What turned you on to biology in the 
first place? Unstructured play in the 
real world was my first introduction to 
biology. I was born in 1950 and grew 
up without electronic entertainment or 
distractions. Television was relatively 
new, it was only black and white and 
my parents allowed me to ‘stare at the 
box’ and its three channels for only 
a few hours per week. Soccer Moms 
had not yet evolved (although I did play 
soccer) so unstructured play was our 
entertainment. I lived in a suburb of New 
York City that had mostly manicured 
lawns, but there were streams and 
vacant lots where my friends and I could 
explore for days. For summer vacation, 
we would visit my grandparents on Lake 
Hopatcong where, at the age of 10 I 
taught myself scuba diving. The ‘natural’ 
world fascinated me. Crayfish in streams 
or in the lake looked and behaved like 
little lobsters. I became curious about 
biology from ecosystems to DNA. I 
pursued this interest as a double major 
in Biology and Geology in college.
Do you have a ‘favourite’ paper? Well, 
perhaps I have ‘favorites’ for each 
chapter of my professional career. 
Q & A Landmark papers by luminaries such as Hutchinson, Pianka, Gould, Stanley, 
Paine and Estes all come to mind.
My early interests in biology 
related to evolution. I read Pianka’s 
Evolutionary Ecology book in a 
weekend. I saw it at the time as a 
temporal extension of ecological 
principles extended over time around 
a backbone of natural selection. 
Hutchinson’s concept of the ecological 
niche fit that worldview. However, I 
was especially keen to see how that 
worldview related to what we see in the 
fossil record. 
Then came Stephen J. Gould, Niles 
Eldridge and Steven Stanley with 
concepts of punctuated equilibrium 
and macroevolution. Those papers and 
books became hugely influential.
Later, I discovered the landmark 
work of Bob Paine, the importance 
of species interactions, especially 
keystone species and apex predators. 
Jim Estes’ work on food webs of the 
Aleutians added to this new worldview 
that I still consider important to me and 
to ecological studies in general.
What is the best advice you’ve been 
given, and what advice would you 
offer someone wondering whether to 
start a career in biology? Follow your 
heart. If it pulls you towards biology, go 
for it. There are always jobs for the best 
in the field but there is little room for 
mediocrity.
If you knew what you know earlier 
on, would you still pursue the same 
career path? Of course. Heck, I get 
to explore ecology all over the world. 
People read some of my papers. I have 
had an embarrassingly good career. 
What has been your biggest mistake 
(in research)...? Oh, so many to 
choose from. During my four decades 
of research in the Caribbean I have 
seen huge change in the condition 
of coral reef ecosystems. During my 
dissertation research, I observed the 
complete collapse of the coral reefs 
in Jamaica and St. Croix. The reef 
ecosystem flipped from one dominated 
by reef corals to one dominated by 
seaweed. The biggest change in 
seaweed abundance occurred during 
the mass mortality of the long spined 
sea urchin, Diadema. I mistakenly 
concluded that the decline of corals 
was the result of the decline of 
herbivores when in fact, the corals 
died from a disease. The cause of the What is your favourite conference? 
I love small meetings where 
conversations are uninterrupted. I 
attended an extremely interesting 
conference in Newfoundland a 
year or two ago on ‘Rebuilding 
Collapsed Fisheries and Threatened 
Communities’. The social-ecological 
story is remarkable. Least favorite are 
most huge meetings such as AAAS (I 
bet I won’t be invited to speak there any 
more now).
Do you have a ‘scientific hero’? Bob 
Paine tops my list. He taught me how 
to ‘read’ natural ecological systems. 
He has made a career out of finding 
generally important phenomena from 
small-scale observations. His work, 
his students and those (like me) who 
were influenced by his approach, 
have changed how we see natural 
communities and ecosystems.
What do you think about the 
‘electronic revolution’ in publishing? 
It is an amazing tsunami. We carry 
libraries in our laptops and what 
we don’t have we can find online in 
minutes. However, that access does not 
necessarily sharpen how we think or 
synthesize diverse lines of evidence. At 
times, it is a bit like trying to get a drink 
out of a fire hose. Also, those of us who 
came up through the ranks of academia 
before the ‘electronic revolution’ used to 
go to libraries to find the paper we were 
looking for. But often I found myself 
sitting in the ‘stacks’ where bound 
Current Biology Vol 24 No 22
R1074journals were stored, leafing through 
the journal and finding myriad papers of 
interest that were quite outside the topic 
I went to the stacks to find. I guess this 
is another example of unstructured play. 
Nevertheless, freely available literature 
is truly a good thing.
Do you have any strong views on 
journals and the peer review system? 
It is necessary, but it is far from perfect. 
I’ve seen papers become significantly 
better through the review process 
(my own included). I have also seen 
some important ideas get suppressed 
because a concept violates a reviewer’s 
worldview. This is when we need 
knowledgeable and assertive editors. 
Not that the editors should insert their 
worldview but they should see if there is 
a real substantive concern that prevents 
publication or if the review has the 
smell of censorship. Such censorship is 
something we all have experienced and 
we all discuss.
What is your greatest ambition in 
science? To make a difference among 
people who depend on scientifically 
deduced information. I think I’ve done 
this with my research on lobsters. They 
are now managed entirely differently 
than when I started. Lobsters and 
most fisheries species were managed 
as a single species. Regulations were 
based on estimated population size 
and growth rates relative to natural 
and fishing-induced mortality. It was 
overly simplistic, and while the resulting 
models predicted lobster stocks 
were about to collapse, populations 
exploded in abundance. Maine’s 
lobster landings reached an all-time 
record in 1990 and have increased 
almost every year since with current 
landings five times greater than in 1990.
What was missing was an ecological 
approach. My students and I studied 
how lobsters become established as 
juveniles on the sea floor, what they eat, 
who eats them and how they compete. 
Today, all New England states and the 
Canadian Maritimes monitor young 
of the year lobsters to estimate future 
landings. Now, ecosystem-based 
fisheries management is the ideal. This 
should include how species interact. 
Strongly interacting species need to be 
managed more prudently. So, fisheries 
management has become more than 
just regulations allowing harvested 
species to persist. Increasingly it 
includes the ecological impacts of those 
and dependent species. Such impacts create lasting changes to the structure 
and functioning of large marine 
ecosystems.
What do you think are the biggest 
challenges in science today? How 
can we get more brilliant, inquisitive 
minds studying beyond our current 
frontiers of knowledge? How should 
we best manage life support on a 
planet with too many people? Is it 
even possible to combine the previous 
two questions?
What has changed in science in 
general and biology in particular over 
the course of your career? Perhaps 
the biggest change I’ve seen is a move 
away from ‘curiosity-based science’ 
towards more applied science. As 
a graduate student, my cohorts all 
pursued simply interesting questions. 
This is what funding agencies 
funded, this was the path professors 
would pursue to attain tenure. This 
has changed. The move away from 
curiosity-based science may simply 
reflect our world today. More scientists 
may see huge societal problems related 
to climate, atmospheric and biodiversity 
change. This drives the structure and 
functioning of ecosystems today and 
thus that must be what we study. But 
I worry that graduate students are not 
able or encouraged to pursue anything 
simply because it is interesting, and we 
don’t know anything about it. 
I absolutely see the irony of my 
lament. My own career path has 
resulted in doing more science 
around topics that help people and 
communities. However, I think my 
biggest contributions came from 
what I learned during my relatively 
unstructured explorations. If I use 
lobster management in Maine and New 
England as an example, I see a clear 
link between that applied outcome all 
the way back to my explorations via 
unstructured play with crayfish in the 
lakes and rivers of New Jersey. Habitat 
requirements and the role of predators 
on population densities of crayfish and 
lobsters are very similar. Using basic 
research to address applied questions 
may, in the long run, be the most robust 
way to move forward in our crowded 
planet. Basic researchers may be 
becoming endangered species.
University of Maine, School of Marine 
Sciences, Darling Marine Center, 193 Clarks 
Cove Road, Walpole, ME 04573, USA.  
E-mail: steneck@maine.eduDiel vertical 
migration
Andrew S. Brierley
What is diel vertical migration? 
Diel vertical migration (DVM) is 
the synchronised movement of 
zooplankton and fish up and down in 
the water column over a daily cycle. It 
is a ubiquitous phenomenon in marine 
and freshwater pelagic communities, 
involving a taxonomically diverse 
array of animals, and may be the 
largest natural daily movement 
of biomass on the planet (human 
commuters may exceed it). Animals 
migrate most commonly upwards 
towards the surface at dusk and 
descend back to deeper water 
before dawn, but reverse patterns 
also occur. Individuals can achieve 
vertical movements of tens to 
hundreds of meters in just a few 
hours (Figure 1), which is remarkable 
for small (mm to cm scale) ‘planktic’ 
animals. Swimming in seawater for 
animals this size is as hard-going as 
it would be for human-sized animals 
swimming in a fluid as viscous as 
treacle. Zooplankton are therefore 
generally unable to make sustained 
headway against ocean currents and 
drift passively in the horizontal plane, 
literally going with the flow.
How is diel vertical migration 
detected? Plankton nets fished during 
daylight make different catches — 
in terms of species composition 
and abundance — than nets fished 
at the same depth during night 
time. Echosounders can provide a 
continuous view down through the 
water column, and reveal the dynamic 
variability in depth distributions of 
organisms (Figure 1). Some of the 
first observations of DVM came 
during World War II from naval 
echosounders that detected oceanic 
deep scattering layers. These layers, 
containing shrimps, lanternfish and 
siphonophores, were so dense that 
they were thought — falsely — to 
be the sea bottom: the false bottom 
echoes were routinely shallower at 
night than in the day. Modern acoustic 
instruments can resolve ‘microlayers’ 
just cm thick, and can be deployed on 
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